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Abstract
This review examines why there is no normal range of nasal patency available to the surgeon when assessing nasal
obstruction, and discusses the factors that influence nasal patency. Current normal ranges are examined and
criticised because of the variability of normal values and the poor sampling methods used. Instability of
physiological nasal patency is related to factors such as the nasal cycle and the nose’s direct exposure to the
external environment. Decongestion of the nose is proposed as a way of stabilising anatomical nasal patency,
and measurements of patency in this state may be more useful to the surgeon. Population studies are needed to
establish a normal range, but these studies must control for factors such as age, height, sex, and nasal shape and
size related to climatic adaptation. Rather than classify populations according to unscientific categories such as
race, anthropometric measures such as the nasal index are proposed.
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Introduction
Advances in medicine are dependent on the determi-
nation of normal function. Normal ranges of par-
ameters such as lung function, body temperature and
blood sugar are essential in determining the presence
of disease and deciding whether intervention is
required to restore normal values.
Nasal obstruction is one of the most common com-
plaints presenting to ENT surgeons, but treatment is
usually initiated without any reference to a normal
range of nasal patency. This approach would never
be undertaken for any patient presenting with
obstructive pulmonary disease, as reference to
normal lung function tests such as forced expiratory
volume (FEV) and peak expiratory flow rate
(PEFR) would be considered mandatory for diagnosis
and, in many cases, for monitoring the efficacy of
any treatment.
Nasal patency can be measured by rhinomanometry,
acoustic rhinometry and the simpler measure of peak
nasal inspiratory flow. Several published studies have
attempted to define a normal range of nasal patency.
However, a recent review on the use of objective
measures to select patients for nasal surgery stated
that ‘the fact that validated normal values are still
lacking is a major problem’,1 and this highlights the
current problem in rhinology as regards a ‘normal’
range of nasal patency.
This paper will discuss why normal nasal patency is
so difficult to define, and why population studies of
nasal patency pose special problems.
Physiological nasal patency is unstable
The nose and the external environment
The introduction to this review highlighted the dis-
crepancy between pneumologist and rhinologists.
Pneumologist have access to useful normal ranges for
lung function, whereas rhinologists have not yet suc-
ceeded in establishing normal ranges for nasal patency.
However, this comparison is not justified, as the nose
and lungs have one major difference that may make the
definition of normal nasal patency difficult if not
impossible. The nose is directly exposed to the external
environment, and is subject to major changes in temp-
erature and humidity, as well as to direct exposure to
pollutants and particulate matter. The nose acts as the
‘air conditioner’ that protects the lungs from the exter-
nal environment. The lungs operate as part of the
internal environment of the body, at a constant temp-
erature of 37°C, and with air that is clean and fully satu-
rated with water; in contrast, the nasal airway is directly
exposed to unconditioned inspired air. Whereas lung
function studies test the lungs under the same con-
trolled internal environment, nasal patency tests are
influenced by the external environment, and one
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would not expect nasal patency to be as stable as lung
function. The lower lung airways are sterile and rarely
infected, whereas the nose is directly exposed to
inhaled bacteria, viruses and fungi: as a result, upper
airway infections are a common occurrence, with chil-
dren suffering seven to 10 symptomatic viral infections
each year, and adults between two and five sympto-
matic infections.2
The nasal cycle
The nasal airways exhibit spontaneous changes in con-
gestion and decongestion of the large veins in the nasal
mucosa, which cause fluctuations in nasal airflow
between the nasal passages. This is often described as
the nasal cycle.3 The nasal patency and the airflow
through the two nasal passages are usually asymmetri-
cal, with the dominance of nasal airflow alternating
over a period of several hours.
The first objective measures of nasal patency were
made by Stoksted4 in 1952, using a form of rhinomano-
metry, and demonstrated the instability of both unilat-
eral and total nasal patency in healthy adult subjects.5
Some subjects exhibit reciprocal changes in unilateral
nasal patency, so that total nasal patency remains rela-
tively constant, but others exhibit irregular changes
in unilateral patency which cause irregular changes in
total nasal patency. Flanagan and Eccles’ research
(P Flanagan, unpublished data; Flanagan and Eccles6)
on 52 healthy subjects confirmed Stoksted’s earlier
findings.5 Figure 1 illustrates two examples of
‘normal’ nasal airflow. Figure 1(a) illustrates spon-
taneous and reciprocal changes in unilateral nasal
patency, while Figure 1(b) illustrates changes in unilat-
eral patency which are more in phase with each other.
In Figure 1, total nasal patency varies by 23 per cent
in part (a) and by 42 per cent in part (b), while spon-
taneous changes in unilateral patency are much greater.
Flanagan’s 1996 study (P Flanagan, unpublished
data) calculated the mean unilateral nasal airflow as
183 cm3/second (± standard deviation 90 cm3/
second), based on 830 measurements recorded in 52
healthy subjects over eight hours of recording in each
subject. The large standard deviation reflects the large
range of unilateral airflows recorded, from 39 to
536 cm3/second (airflow was measured by posterior
rhinomanometry at a sample pressure of 75 Pa).
Similar results for normal unilateral patency have
been reported by Cole,7 who observed that, in healthy
subjects, one nasal passage often became almost com-
pletely obstructed due to the normal physiological con-
gestion phase of the nasal cycle.
The great physiological variation in both unilateral
and total nasal patency means that any single measure-
ment of either parameter provides little information
about the ‘normal’ nasal patency in any one subject.
This demonstrates the difficulty in defining a normal
range of physiological nasal patency for use by the
rhinologist.
Anatomical nasal patency is stable
Physiological nasal patency is unstable, as discussed
above. However, decongestion of the nasal blood
vessels by application of a topical nasal decongestant,
or as a result of exercise, eliminates any effects of the
nasal blood vessels on nasal patency. Decongestion
allows the measurement of nasal patency determined
solely by the hard tissues of the nose. This is often
termed the ‘anatomical’ or ‘skeletal’ nasal patency.8
Application of topical decongestants abolishes the
spontaneous fluctuations in nasal patency associated
with the nasal cycle, for up to six hours.9 Exercise
has a similar but shorter duration of decongestant
effect on both sides of the nose.10 Broms stated that
‘[n]o upper normal limit can be given for resistance
in a nasal cavity that has not been decongested’.8
Holmström stated that:
The wide variability of the nasal mucosa, which is
influenced by several external and internal factors,
makes it unlikely that we will ever have ‘normal
values’ for nasal patency before decongestion.
After decongestion, however, the situation is
different… the decongested nasal passage can be
FIG. 1
Rhinomanometric data showing different types of changes in unilat-
eral and total nasal airflow: (a) spontaneous, reciprocal changes in
unilateral nasal patency; (b) spontaneous unilateral nasal patency
changes which are more in phase with each other. Airflow measured
at a sample pressure of 75 Pa. Adapted with permission (P Flanagan,
unpublished data). ○= right nasal airflow; •= left nasal airflow;
▪= total airflow
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evaluated based on the influence of the skeleton
(nasal cartilage and bone structures).1
Any normal range of nasal patency can only be deter-
mined after nasal decongestion. However, in order to
define such a normal range of nasal patency, several
other factors that can influence nasal patency must be
considered. Tables that predict lung function par-
ameters such as FEV and PEFR take into consideration
factors such as height, sex and age, and similar factors
must be considered when trying to predict a normal
range of nasal patency.
Factors that influence anatomical
nasal patency
The nose is the entrance to the respiratory tract. Many
of the factors that influence lung size and function
also influence nasal size and patency.
Sex
Within medicine, measurements that are associated
with patient size are often interpreted with respect to
the patient’s sex, since adult males are typically of
larger build than adult females. Nasal patency has
been shown to differ according to sex, with men in
general having a greater nasal patency than
women.11–16
Age
The size of the airway will increase with normal growth
from infancy to adulthood.17–20 This increase in respir-
atory tract size will affect nasal size and increase nasal
patency.11,21 Children suffer from a greater number of
upper respiratory tract infections than adults, contribut-
ing to an increase in nasal mucosa congestion and
mucus production, as well as to changes in the lym-
phoid adenoid tissue, which might also contribute to
nasal resistance.21
The structure of the vestibule and nasal valve region
is formed by cartilage. Cartilage is highly elastic in
infants but becomes more rigid with age. Changes in
the elasticity of nasal structures may influence nasal
patency. Nasal patency has been shown to differ with
age, with a general decrease in patency with increasing
age in adults;12 however, this is probably due to age-
related changes in the nasal mucosa.12,18
Height
As already mentioned, Broms8 found an association
between nasal patency and height. As with sex, the
taller a person is, the larger their airway and nose are
likely to be. A taller person will also have a larger
body generally, and therefore larger organs with a
greater oxygen requirement. Their lungs will be propor-
tionally bigger, with a larger chest wall to draw air into
the upper respiratory tract, as noted from pulmonary
function tests. Nasal patency has been shown to
increase with height.12,21,22
Weight
Weight, like height, is proportional to the size of the
individual’s body: a tall person is likely to weigh more.
Obesity is reported to be a causative factor in
snoring,23 acting by narrowing the airway particularly
in the region of the pharynx. This may result in
increased effort of breathing in an attempt to draw
more air in through the nose. However, obesity does
not play as great a role within the nasal cavity since
there is little adipose tissue there, in contrast to the
pharynx.
Weight appears to be associated with nasal flow in
both children21 and adults.24
Race
The appearance of the nose is often considered charac-
teristic of an individual’s racial origin. European noses
are described as leptorrhine, African noses as platyr-
rhine and Asian-Oriental noses as between the two.25
Differences in the shape and size of the nose have
been proposed to be an adaptation to climate, with
the large, open platyrrhine nose having evolved in a
warm, humid environment where there was little need
for air conditioning, and the narrow leptorrhine nose
having evolved in colder climates where inspired air
needed more warming.26,27
Various authors have investigated the differences in
nasal patency between different racial groups.28–31
However, classification of patients according to racial
characteristics has been reported to be unscientific as
there is no clear definition of race; rather, it has been
proposed that nasal shape and size are better described
in terms of nasal height and width, expressed as a nasal
index.27,32,33
Problems with current nasal patency data
Published studies have quoted normal values of nasal
patency. Most frequently, anterior rhinomanometry
has been the objective measurement used, but ranges
for methods such as acoustic rhinometry and peak
nasal inspiratory flow have also been published.
Unfortunately, these studies have varied quite consider-
ably in their design, as well as in the values they have
obtained. Tables I and II show published mean values
for normal unilateral and total nasal resistance of the
decongested nose, and these parameters are also illus-
trated in Figures 2 and 3. Normal mean values,
derived using anterior rhinomanometry in the decon-
gested adult nose, vary from 0.17 to 0.43 Pa/cm3/
second for unilateral nasal patency1,7,22,34–42 and
from 0.06 to 0.25 Pa/cm3/second for total nasal
patency.7,13,22,28,31,34,36,37,40–45 As can be noticed
from Tables I and II, not all these studies provide a
range: some provide an upper limit while others
supply a mean.
In contrast, corresponding results in the non-
decongested adult nose vary substantially, with
reported mean values of 0.06 to 0.81 Pa/cm3/second
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(range: 0.01–2.4 Pa/cm3/second) for unilateral nasal
patency and 0.03 to 0.32 Pa/cm3/second (range:
0.01–0.9 Pa/cm3/second) for total nasal patency. The
studies shown in Tables I and II used different
methods to measure resistance, and expressed resist-
ance in several different units. In order to allow com-
parison between these studies, units of resistance
have been converted so that all values are expressed
in Pa/cm3/second. Such conversion is simple for
some units but more problematic for others; the
reader is referred to the original papers to obtain the
raw data for each study.
Within the literature, some studies24 have included
as few as 10 normal participants, whereas others7
have had as many as 891. The ages of participants
has varied between studies, with some assessing
paediatric populations (Papachristou et al.,11 Prescott
and Prescott,21 Risavi et al.46 and Zapletal and
Chalupová47) and others adult populations. In the
adult studies, nasal patency is generally not related to
subject age specifically; rather, an age range is
quoted. Some studies have decongested the nasal
mucosa prior to measurement, many have not, and
some have not specified whether decongestion was
used. There is variability in the methods of objective
measurement used, and in whether unilateral or total
patency has been studied. Some studies have not
reported what ethnic population group their partici-
pants have been taken from, and include all patients
in one ‘normal’ group. Some studies have progressed
further by comparing the relationship of nasal
patency with other factors such as sex, age, height,
race, weight and smoking habits. Some studies have
identified that their subjects were taken from a homo-
geneous group and as such cannot be considered
‘normal’ for all population groups.
One of the largest studies was performed by Cole,7
who studied 2500 adult patients referred to an ENT
clinic, and identified 891 who were ‘unobstructed’.
However, it is difficult to accept that this study provides
a normal range of nasal patency, as the ‘normal’ popu-
lation had all been referred to an ENT clinic, presum-
ably for symptomatic problems within the upper
airway. McCaffrey and Kern40 reported ‘normal’
values for 23 patients, who were identified from 1000
referred to an ENT clinic for ‘rhinologic complaints’,
but who were found to be asymptomatic on normal
rhinoscopy.
Hospital-based studies can be criticised for using
patients referred to ENT clinics in order to obtain a
normal range of nasal patency, and none of these
studies has controlled for all the factors that influence
nasal patency, as discussed above. Holmström1
reported that we are still awaiting ‘a large series of
measures, preferably population-based and stratified
according to age, sex, height and weight’. However,
this type of population study is not easy to conduct.
Is a population-based study achievable?
Any normal range of nasal patency must first be defined
in terms of the population, before results can be strati-
fied for factors such as age and sex. However, defining
the study population for such research is a major
problem. As discussed above, the nose, unlike internal
organs such as the lungs, is directly exposed to the
external environment, and there are major differences
in nasal shape and size according to climate. The
narrow leptorrhine nose is reported to have a lower
patency than the broader platyrrhine nose,25,29–31 and
there are climatic and racial differences in nasal shape
and size when one compares indigenous peoples world-
wide, from Siberia to Africa.26,48,49 Classifying sub-
jects according to geographical location or race is
fraught with difficulty, especially as regards the
nose.33,50,51 Any study in a large, modern city will
TABLE I
ADULT UNILATERAL NASAL RESISTANCE∗ POST-
DECONGESTION: PUBLISHED NORMAL VALUES
Study Sbj (n) Range
(Pa/cm3/s)
Mean
(Pa/cm3/s)
Min Max
Jalowayski et al.34 20 – – 0.43
Jessen & Malm22 100 – – 0.36
Szücs et al.39 100 – – 0.3
Kenyon38 25 – – 0.28
Szücs & Clement35 15 0.25 0.3 0.26
Cole7 891 – 0.4 0.23
Pallanch et al.41 80 0.09 0.52 0.22
Gordon et al.37 14 0.14 0.35 0.17
Sipilä et al.36 97 – 0.3 –
Sipilä† – 0.15 0.5 –
McCaffrey & Kern40 23 – 0.69 –
Holmström1 – – 1.0 –
∗Also termed nasal patency. †J Sipilä, personal communication to
Holmström;1 data confirmed as unilateral values (M Holmström,
person communication). Sbj= subjects; min=minimum; max=
maximum;−=not advised
TABLE II
ADULT TOTAL NASAL RESISTANCE∗ POST-
DECONGESTION: PUBLISHED NORMAL VALUES
Study Sbj (n) Range
(Pa/cm3/s)
Mean
(Pa/cm3/s)
Min Max
Eiser45 – – – 0.25
Jalowayski et al.34 20 – – 0.21
Jessen & Malm22 100 – – 0.18
Calhoun et al.28 130 0.09 0.85 0.18
Shelton et al.42 10 0.14 0.22 0.18
Canbay & Bhatia31 74 0.1195 0.236 0.1575
McCaffrey & Kern40 23 – 0.29 0.15
Gleeson et al.44 12 – – 0.15
Postema et al.13† 68 – 0.23 0.14
Cole7 891 – 0.15 0.09
Pallanch et al.41 80 0.04 0.15 0.08
Gordon et al.37 14 0.03 0.1 0.06
Sipilä et al.36 97 – 0.15 –
Gammert et al.43 56 – 0.3 –
∗Also termed nasal patency. †Males only. Sbj= subjects; min=
minimum; max=maximum; – = not advised
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recruit a mixed population according to the immigration
history of that city. Cities such as London, New York
and Vancouver have a complex mix of immigrant
groups, with mixed marriages across groups making
the population even more complex and diverse. It is
not possible to classify individuals according to race,
as terms such as Caucasian, Asian and Mediterranean
cannot be defined in any scientific way.51
FIG. 2
Published normal values for mean unilateral nasal resistance after decongestion in adults. Original data have been converted to common units of
resistance, expressed as Pa/cm3/s, to enable comparison between studies.
FIG. 3
Published normal values for mean total nasal resistance after decongestion in adults. Original data have been converted to common units of
resistance, expressed as Pa/cm3/s, to enable comparison between studies.
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Population studies have been used to provide refer-
ence values for lung function tests, as the variation in
lung function with so-called racial characteristics is
less than that observed for the nose, for reasons dis-
cussed above. However, reference values for lung func-
tion have also been criticised as not fit for purpose
when applied to populations of mixed origin, as in
the USA, where the population consists of groups of
European (‘Caucasian’), African and Mexican-
American groups.52
Despite its widespread use in clinical literature, the
term Caucasian has no scientific definition, and use
of this term has been criticised when applied to both
nasal and lung function tests.33,50,53 Population
studies may be possible in less mobile communities,
where there is a static population of indigenous resi-
dents, such as in some Iranian cities.54 However, for
most of the developed world the mixing of populations
make homogeneous population studies unfeasible.
The population study by Broms8 is often used as a
source of reference values for the decongested nose,
as the study did stratify for height. However, this popu-
lation was also very limited, as two-thirds of the sub-
jects comprised men undergoing training as pilots in
the Swedish Air Force.
Rather than attempting to categorise a study popu-
lation using unscientific racial terms that have no
clear definition, it may be more useful to describe the
population in terms of anthropometric measurements
such as nasal height and alar width, and then to calcu-
late the nasal index. By measuring the width of the base
of the nose and the height of the nose, the nasal index
can be calculated by the following formula:33
Width of nose × 100/height of nose = nasal index
When conducting large population studies, the rhi-
nologist may find the above formula to be a more rel-
evant discriminator than race, and a better basis for
reference tables of normal nasal patency.32
Conclusion
Unlike the pneumologist, the rhinologist currently has
no standard reference values for nasal function which
are stratified according to factors such as age and
height. Because of the great variation in unilateral
and total patency associated with the nasal cycle,
normal physiological nasal patency is difficult to
define. Decongesting the nose gives a more stable ana-
tomical nasal patency, and measurements of patency in
this state may be more useful to the surgeon. The nose
is directly exposed to the external environment, and the
shape and size of the nose have been shown to vary
with the climate, from leptorrhine to platyrrhine
noses. There is some evidence that nasal patency may
also vary with these climatic variations. Population
studies on nasal patency are difficult because racial
classifications of populations are unscientific.
Populations may be better defined by nasal
anthropometric measures such as the nasal index,
rather than by reference to race or geographical
location.
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